Introduction
Several well-known and widely spread lung diseases like cancer or chronic obstructive pulmonary disease (COPD) can be caused by the respiration of particles like asbestos or cigarette smoke. Therefore research on this topic, including the realistic simulation of the particles' behaviour in the lung tissue, is performed. The latter can be achieved by using the active lung simulator, called i-Lung, developed at the University of Applied Sciences Technikum Wien. Figure 1 , which is used for this feasibility check, consists of a transparent PMMA chamber, called thoracic chamber, which represents the thoracic site within a human body. Within this thoracic chamber it is possible to mount different lung equivalents such as porcine lungs or latex bags of different sizes for simulation purposes. The lung equivalent is connected to an in-/exhalation tube which represents the trachea and passes through the lid on top of the chamber. This configuration either allows to let the lung equivalent in-and exhale the surrounding air or to be connected to an implemented aerosol production, transport and measurement module [1] . The PMMA chamber is connected to a negative pressure generation unit based on a cylinder piston system. Moreover an additional vacuum pump is connected separately to the chamber. This pump generates a constant negative pressure in the thoracic chamber, thus saving the lung equivalent from collapsing. The latter represents a pathological state of the human lung, which can be simulated additionally. Furthermore, the use of an active constant negative pressure generation simulates the physiological adhesion of the human lung to the thorax through the pleura fluid [2] . In order to validate the physiologically accurate modelling of the human lung, the presented opto-electronic measurement setup for the measurement of lung displacement was developed. This contribution focuses on the feasibility of the described approach.
Methods
To record the motion of the lung equivalent a VICON motion analysis system was utilized, consisting of six VICON Bonita B3 cameras [3] mounted on tripods and the evaluation software VICON Nexus 1.7.2. The camera setup used for motion analysis is depicted in Figure 2 . Data was acquired using a sampling rate of 100Hz to record several respiratory cycles with physiological breathing patterns [1] performed by the i-Lung.
Results
Reconstruction of all 17 marker trajectories was successful with test measurements and resulted in a three-dimensional representation of marker coordinates over time during respirational motion of the lung equivalent (see Figure 4 ). 
Discussion
Results have shown that opto-electronic volumetric measurements of the lung equivalent within the i-Lung are feasible. However, several challenges remain. The given dimensions of the PMMA chamber cause problems for effective camera positioning. Especially reflections of the emitted infrared light caused by the high ratio of PMMA plate thickness to chamber volume require a time-consuming measurement preparation, including the masking of the PMMA connection surfaces. Additionally, the calibration procedure needs to be adapted, as optical refraction has to be taken into account. A small-sized and custom-made dynamic calibration wand was assembled to conduct the procedure within the PMMA chamber, effectively eliminating refraction influences. The design of the i-Lung limits observation angles to only three directions. This leads to fewer possibilities of the combined marker-and camera-setup to achieve a mandatory detection rate of at least two cameras per marker to successfully reconstruct its trajectory. As initial step to lessen these negative effects, the use of additional cameras is recommended.
The size of the used markers restricts their maximum number corresponding to the resolution of the cameras. Furthermore, the inertia of the markers introduces movement artefacts during breathing motion of the lung.
Further Challenges
The future steps will therefore include the development of an active marker array. This will lead to a lower inertia and an increase of the number of applicable markers, resulting in an optimized model of the analysed lung equivalent. A further advantage of the system is a reduction of optical refraction artefacts, as the light needs to pass the PMMA window only once. The energy consumption, however, needs to be considered. Future stages will include measurements with fresh slaughterhouse porcine lungs. In this setup the marker application to the tissue has to be adapted. Required characteristics for the fixation material are nontoxicity, non-residue removability and cost efficiency. In order to reach higher significance, the comparability of the analysed subjects has to be ensured. Therefore a standardised marker setup based on anatomical landmarks will be introduced. Mathematical algorithms have to be adapted to postprocess the resulting data in order to derive valid conclusions in volumetric behaviour which can be related to physiologically accurate data.
